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We described the baseline polymorphism of the human immunodeficiency virus type 2 (HIV-2) protease gene
from 94 treatment-naive patients and the longitudinal follow-up of 17 protease inhibitor-treated patients.
Compared to the HIV-2 consensus sequences, baseline polymorphism involved 47 positions. Substitutions
selected under treatment were observed at positions corresponding to HIV-1 resistance mutations as well as at
positions of currently unknown impact on HIV-1.

Human immunodeficiency virus type 2 (HIV-2) is endemic
in west Africa and has spread in the last decade in Europe (1,
9, 13, 21). Many studies have reported antiretroviral drug re-
sistance profiles for HIV-1-infected patients receiving therapy
(5), but less is known for patients infected with HIV-2 (20, 22).
In France, a cohort initiated in 1994 and covering almost all
the HIV-2-infected patients living in France monitored in hos-
pital centers is the largest one in industrialized countries (14).
The objectives of our study were to characterize the polymor-
phism of the HIV-2 protease (PR) gene and to determine
which treatment-associated changes were selected in vivo in
the PR gene during a PR inhibitor (PI)-containing regimen in
HIV-2-infected patients included in the French cohort.

Patients and methods. Polymorphism of the PR genes from
94 PI-naive HIV-2-infected patients was assessed. Patients
were representative of the 341 patients of the French cohort
regarding gender (60% female), age (mean, 38.8 years), coun-
try of birth (73% originated from west Africa), Centers for
Disease Control and Prevention (CDC) stage (80% stage A
according to CDC criteria), CD4 cell count (median, 466 cells/
mm3), and viral load (median: 3 log copies/ml). Characteriza-
tion of treatment-associated changes under the PI regimen was
performed for 17 out of the 94 patients by comparing PR
sequences before the initiation of treatment and under treat-
ment. These 17 patients received, for a median duration of 12
months (range: 2 to 48 months), indinavir (IDV; n � 7), sa-
quinavir plus boosted ritonavir (SQV/RTV; n � 2), SQV (n �
2), RTV (n � 2), or nelfinavir (NFV; n � 4). Six out of these
17 patients received a second PI-containing regimen (NFV [n
� 2] or SQV/RTV [n � 4]) for a median duration of 14 months
(range, 5 to 41 months). Appropriate informed consent was
obtained from all patients.

PR genotypic analyses. PR gene sequencing was performed
retrospectively on available plasma specimens collected be-
tween 1994 and 2001 and stored at �80°C. HIV-2 RNA was
extracted from 1 ml of plasma, and the PR gene was amplified
from 10 �l of RNA and sequenced as previously described
(18). Sequence alignments were performed with Sequence
Navigator software, and sequences were compared to HIV-2
clade A and B consensus sequences (Los Alamos database:
http://hiv-lanl.gov) (15). Changes in amino acids were com-
pared to those associated with resistance in HIV-1 identified
from the International AIDS Society-USA (IAS-USA) panel
expert list (www.iasusa.org) (8). Phylogenetic analyses, per-
formed with PR gene nucleotide sequences as described else-
where (10), indicated that 68 patients were infected by a sub-
type A, 25 were infected by a subtype B, and one was infected
by subtype H (7).

Polymorphism of the HIV-2 PR gene. Comparison to the Los
Alamos database consensus sequences indicated that 47 posi-
tions were polymorphic (Table 1). Most of the differences
(�20%) were located at positions 14, 17, 40, 41, and 70 for
subtype A and at positions 12, 14, 41, 62, 71, 75, and 92 for
subtype B. Variability at residue 14 was the most frequently
observed for both subtypes: 71% for subtype A and 52% for
subtype B. HIV-2 PR polymorphisms were observed at posi-
tions 10, 36, 46, 54, 71, 73, 77, and 90; mutations at these
residues are known to be associated with major or minor
changes in HIV-1 drug resistance. Differences at codons 46
and 90 were observed only in HIV-2 subtype A. Additionally,
several differences at positions of unknown impact on HIV-1
resistance were found in more than 5% of cases.

Selection of mutations in 17 PI-treated patients. Before
treatment, the median CD4 cell count and plasma viral load
were 237 cells/mm3 (range: 8 to 359 cells/mm3) and 491 cop-
ies/ml (range: �250 to 1,485,000 copies/ml), respectively (Ta-
ble 2). Compared to viruses with their respective baseline se-
quences, viruses with treatment-associated changes described
as PI major or minor resistance mutations for HIV-1 according
to the IAS-USA resistance panel emerged in 12 of 17 patients
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during treatment (8). Of the seven patients receiving IDV,
selection of the I82F substitution was observed alone (n � 3)
and associated with the L90M substitution (n � 1) and with
V10I (n � 2). Substitutions I82M (n � 1) and I36V and R70K
(n � 1) were detected in two patients. Among the four patients
receiving SQV, one patient harbored virus with the I54L and
L90M treatment-associated changes and one had a mixture at
residue 48 (G48G/R) associated with substitutions I36V and
I46V. In the two patients that received RTV, I82F alone and
the L90M change associated with I54M and V71A were se-
lected. Among the four patients treated with NFV, two had the
L90M change associated with I54M and/or V71I. Many other
treatment-associated changes (n � 25) were selected in 13

patients. Valine or leucine at amino acid 84 was found in four
of the six patients that received a second PI-containing
regimen.

In our study, we analyzed 123 HIV-2 PR sequences from 94
PI-naive patients and from 17 treated patients before and after
introduction of therapy. Only two other studies have reported
natural polymorphism of the HIV-2 PR gene (4, 19). We found
that 47 of the 99 amino acid positions of HIV-2 PR were
polymorphic, which is more than the number reported by Col-
son et al. (4), probably due to the higher number of sequences
analyzed in our study. We found that positions 14, 17, 40, 41,
and 70 were highly polymorphic, in contrast to what was found
for HIV-1 PR, with the exception of position 41, which has

TABLE 1. Frequency of amino acid polymorphism in the PR in naive HIV-2-infected patients compared to consensus sequences for HIV-1
clade B and HIV-2 subtypes A and B

Position
HIV-1
clade B

consensus

HIV-2
clade A

consensus
Substitution(s) (position and amino acid)a

HIV-2
clade B

consensus

Substitution(s) (position and amino
acid)a %

7 Q K 7N (1) # 1
8 R R 8K (1) 1
9 P P 9T (1) 1
10 L V 10I (4) V 101 (2), 10R (1) 7
11 V V 11S (1) 1
12 T T 12I (2) 12R (1) K 12Q (3), 12R (1), 12K/Q (1) 8
14 K Y 14H (38), L (1), P (2) C 14H (3), 14N (6), 14S (3), 14S/N (1) 54
15 I I 15V (7), 15F (1) I 15V (2) 10
17 G G 17D (20), 17K/D/E (1), 17E (2) G 17D (1) 24
18 Q Q 18K (1) 1
20 K V 20I (1) 1
21 E E 21D (1) E 21D (1) 2
22 A V 22I (1) 1
35 E G 35E (1) 1
36 M I 36V (4) 4
37 N E 37D (1) 1
40 G S 40D (15), 40N (10), 40G/D (1), 40E/D (2), 40E (1) S 40N (1) 30
41 R N 41D (14) N 41D (7) 21
43 K S 43V/I (1), 43N (2), 43I (1), 43R (1), 43V (1) T 43I (1) 7
44 P P 44S (1) 1
45 K K 45R (2) 2
46 M I 46V (7), 46M (1) 8
54 I I 54M (2) I 54M (1) 3
56 V T 56A (1), 56V (1) 2
57 R K 57R (2) 2
60 D K 60R (4), 60E (1) K 60R (2) 5
61 Q D 61V/I (1) 1
62 I V 62I (2), 62A (1) V 62I (9) 12
65 E K 65R (7), 65I (2), 65T (1) 10
66 I V 66A (1) 1
68 G N 68S (1) 1
70 K R 70K (19), 70T (3) R 70I (1), 70K (2), 70V (1) 26
71 A V 71I (2), 71I/L (1) V 71I (7), 71L (1) 11
72 I R 72K (5) 5
73 G A 73G (1) 1
74 T T 74N (1) 1
75 V I 75R (1), 75L (1) I 75V (3), 75L (2) 7
77 V T 77M/I (1) 1
79 P D 79E (2) 2
85 I F 85L (1) 1
86 G G 86A (1) 1
87 R R 87E (1) 1
89 L I 89V (4), 89D/E (1) 5
90 L L 90S/L (2), 90L/M (1) 3
91 T T 91A (9) N 91S (1) 10
92 Q A 92S (4), 92V (2) T 92I (1), 92S (7) 14
95 C F 95I (1) 1

a Values in parentheses are numbers of patients.
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been previously described as highly polymorphic in HIV-1 (2).
Residue 14, moderately polymorphic in HIV-1, is the most
frequently polymorphic residue in HIV-2. In contrast to posi-
tion 63 in HIV-1, where polymorphism is around 60%, this
position (63E) is largely conserved in HIV-2 (2, 11). We found
also sequence variability at 8 residues corresponding to those
associated with PI resistance in HIV-1. Recently two other
studies reported similar results although some of the residues
implicated were different (4, 19); in particular, Pieniazek et al.
found a 30N substitution in 1 out of 75 infected patients.

Here, we show that treatment-associated changes occurred
in the HIV-2 PR gene at sites corresponding to some of those
conferring HIV-1 PI resistance. These changes could not be
directly associated with the use of a specific PI, and their
emergence did not appear to follow an ordered accumulation.
Only one study described the selection of I82F, I54M, and
V71I in one HIV-2-infected patient who received IDV for 12
months (20). Interestingly, although we studied a limited num-
ber of patients, I82F appeared only in patients receiving IDV
or RTV, as reported for HIV-1 (5). Arginine at amino acid 48
and methionine at amino acid 82, observed in two of our
patients treated with SQV and IDV, respectively, have not
been reported to confer PI resistance in HIV-1 (Stanford HIV
RT and Protease Sequence Database [http://hivdb.stanford
.edu]). Under NFV selective pressure, two of three of the
viruses from HIV-1-infected patients selected for D30N and
one of three of the viruses displayed L90M (12, 17). Here, in
patients receiving NFV there was selection for L90M associ-
ated with V71I and but not for D30N. This predominant se-
lection of the L90M substitution was also observed in HIV-1
subtypes C and G (3). This suggests that a change at residue 90
is more advantageous and/or better tolerated than a change at
residue 30. Substitution at residue 84, known to be associated
in HIV-1 with cross-resistance to RTV, SQV, and IDV (16),
was observed only in HIV-2 patients receiving a second-line PI
regimen.

Since currently available PIs were designed to fit into the
active site of HIV-1 PR, the differences observed in the se-
quence of HIV-2 may have an impact on the efficacy of HIV-2
PR inhibition. In addition, the effect of the polymorphism
described here on the phenotypic susceptibility of HIV-2
strains is still unknown and needs to be evaluated by in vitro
50% inhibitory concentration measurement and mutagenesis
experiments. The availability of HIV-2 plasma viral load (6)
will allow studies of the correlation between the emergence of
resistance mutations in vivo and virologic response.

This study was supported by a grant from the Agence Nationale de
Recherche sur le SIDA and European Union grant QL K2-CT-2001-
02360.
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